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ABSTRACT 

A computer simulation model which describes the 
Saturn V Workshop Electrical Power System is used to evaluate 
performance with the individual power systems (AM and ATM) 
paralleled. A set of operating conditions is described which 
permits interchange of power between the systems so that 
positive margin can be maintained on each system. 

Operating independently and supplying projected 
mission average loads, the power supplied and margins are 

AM EPS:3810 w (+15 w margin) 

ATM EPS:2885 w (+715 w margin) 

With the systems paralleled and no-load voltage settings of 
VAM = 29.6 volts and VATM = 30.4 volts, the power supplied 
and margins are 

AM EPS:3539 w (+286 w margin) 

ATM EPS:3170 w (+430 w margin) 

In all cases, bus voltages are maintained sufficiently above 
specified minimum voltage limits at mission average power 
levels to provide reasonable assurance that they will be accept- 
able at higher power levels. 
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INTRODUCTION 

The Saturn Workshop (SWS) includes an Orbital Work- 
shop (OWS), an Airlock Module (AM) , a Multiple Docking 
Adapter (MDA), and an Apollo Telescope Mount (ATM); the SWS 
and a docked Command and Service Module (CSM) is the Orbital 
Assembly (OA). During orbital operations, electrical power 
will be supplied by a solar array-battery (SA/B) system in- 
stalled on the OWS/AM and a SA/B system installed on the ATM. 

Tables I and I1 give performance capabilities of 
the two EPSs. Table I11 gives the projected loads for the OA 
from Reference 6 and the resulting system margins. 

If the two EPSs are operated independently, exist- 
ing margin on one system cannot be used to supply power defi- 
cit on the other without extensive and complex load transfer 
networks. If operation were possible in a parallel, power- 
sharing mode, 

1. a more flexible, unified power system would result 
with no need for switching and complex interconnec- 
tions to support power transfer, 

2. the possibility would exist for integrated and cen- 
tralized power management and system monitoring, 
and , 

3 .  less need would exist for astronaut participation 
in switching of loads. 

However, if the systems are paralleled with the presently 
planned no-load voltage settings - VAM = 31.0 volts and 
VATM = 29.0 volts - power will transfer from the AM EPS to 
the ATM EPS further reducing the AM margin and increasing the 
ATM margin. In order to transfer power from the ATM EPS to 
the AM EPS, VATM must be set higher than VAM. 
simulation model has been developed which permits evaluation 
of the performance of the two systems in a power-sharing mode 
for various conditions of VAM and VATM. 

A computer 
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TABLE I 
L 

. 
't' 

AM EPS CHARACTERISTICS 

AM EPS 

S o l a r  Array (Reference  1) 

A r e a  

BOL Power Rat ing  

EOL Power Ra t ing  (8  mos.) 

N e t  EOL Power Rat ing  

B a t t e r y  (Reference  2 )  

AH Ra t ing  

WH Recharge E f f i c i e n c y  

Charger  (Reference  2 )  

Type 

E f f i c i e n c y  

Regu la to r  (Reference  2 )  

Type 

E f f i c i e n c y  

Bus Power 

1360 f t 2  

12100 w 

11600 w * 
11150 w ** 

33 AH 

0.677 

Buck 

0.95 

Buck 

0.95 

Minimum Continuous ( P O )  4390 w 
3825 w *** 

D i s t r i b u t i o n  Loss (Reference  4 )  15% 

* Degraded a t  1 / 2 %  p e r  month 
**  I n c l u d e s  4 %  p e n a l t y  for ATM shadowing 

*** I n c l u d e s  p e n a l t y  f o r  bus s p l i t  9 . 1 % ,  r e g u l a t o r  mismatch 1 6 4  w. 
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TABLE I1 

ATM EPS CHARACTERISTICS 

ATM EPS 

Solar Array (Reference 3) 

Area 

BOL Power Rating 

1200 ft2 

10480 w 

EOL Power Rating (8 months) 10060 w * 

Battery 

AH Rating 20 AH 

WH Recharge Efficiency (Reference 4) 0.70 

Charger 

Type Buck 

Efficiency (Reference 4) 0.96 

Reg u 1 a tor 

Type 

Efficiency (Reference 4) 

Bus Power 

Buck/Boost 

0.875 

Minimum Continuous ( S = O )  EOL 3965 W 
3845 w ** 

(Reference 5) 3600 w *** 
Distribution Loss (Reference 4) 14% 

* Degraded at 1/2% per month 
** Includes 3% penalty for regulator mismatch (Reference 5) 

*** Based on thermal limit for charger-battery-regulator-modules 
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TABLE I11 

SWS POWER REQUIREMENTS 

(Reference 6) 

ows 
MDA (Note 1) 
AM 

- 
- 
- 
CSM 

System L o s s  

1269 w 
200 w 
966 w 
1100 w 

275 w (Note 2) 
3810 w 

AM EPS Capability (Table I) 3825 w 
Margin +15 w 

ATM - (Note 4) 2637 w 

System Loss 248 w (Note 3) 
2885 w 

ATM EPS Capability (Table 11) 3600 w 
Margin +715 w 

Total System Margin +730 w 

Notes 

1. ATM C&D Console located in MDA but powered from ATM. 
2. Line loss with VAM = 31.0 volts 

3. Line loss with VATM = 29.0 volts 

4. Includes cold gas ACS located in OWS and ATM C&D console 

located in MDA. 
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ANALYSIS MODEL DESCRIPTION 

A network was set up as shown in Figure 1 based on 
information supplied by Reference 7.  The values of the load 
resistances are determined in the program by assuming an 
initial value of voltage at the load in question and solving 
for the resistance by 

Where 
R = resistance in ohms 

V = voltage across R 

P = given power in watts 

The network is then solved for the loop currents and the 
voltage across the load determined from 

V = IR 

where 

R = resistance determined earlier 

I = net current through R determined 
from the loop currents 

This voltage is compared to the initial value assumed and, 
if different by more than an arbitrary limit, the resistance 
values are recalculated as before using this new value of V. 
This iteration is continued until subsequent values differ 
by less than the established limit. 

The total power delivered by the AM EPS (PAMT) and 
by the ATM EPS (PATMT) are determined as is the total system 
loss (PLOSS). The source and load currents are determined 
from the loop currents. The voltages at the various buses -- 
AM main bus (VAML), CM main bus (VCM), and ATM main bus 
(VATML) -- are determined. The minimum acceptable limits for 
these bus voltages are VAML (min) = 27.0 v., VCM (min) = 26.5 v., 
and VATML (min) = 26.0 v. 

The program is so written that any of the system 
parameters -- voltage setting, power, cabling resistance, 
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number of regulators in parallel -- can be changed at will 
for system tradeoff evaluation. A set of 42 data points were 
run for which the number of iterations per data point aver- 
aged 8. Each data point consists of a determination of all 
load currents, bus voltages, power delivered by each EPS, and 
total system loss for a given set of cabling resistance, AM 
and ATM no-load voltage settings, and load requirements. 

EVALUATION OF RESULTS 

The data points examined were for values of VAM 
between 28.8 v and 31.0 v and for VATM between 28.0 v and 
30.4 v. Where data were not available for some of the net- 
work components, e.g., the umbilical connecting the AM and 
ATM main buses, values were assumed which were consistent 
with the values of the other network components. Figures 2 
and 3 show the power sharing performance and bus voltages re- 
spectively as functions of ATM and AM no-load voltage settings. 
Figure 4 shows the total system losses. Figure 5 shows the 
transfer current. 

CONCLUSIONS AND RECOMMENDATIONS 

From Figure 3, we see that the CM bus voltage can- 
not be maintained above its minimum limit of 26.5 volts for 
any AM setting below 29.6 volts unless the ATM setting is 
above 29.6 volts. If now, we establish the AM no-load volt- 
age setting at 29.6 volts, Figure 2 shows that the AM power 
capability is exceeded for any ATM setting below 29.53 volts. 
In order to maintain some margin on each EPS, an ATM no-load 
voltage setting of 30.4 volts is recommended. 

For purposes of comparison, a run was made for 
which Rll (the power transfer umbilical between AM & ATM 
buses) was set at 10000 ohms (effectively an open circuit). 
These two conditions are compared on Table 4 for the same 
loads and same voltage settings as well as for the planned 
voltage settings. 

The advantages of operation in the power-sharing 
mode are apparent in the comparison. 
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TABLE IV 

31.0 v. 29.6 v. 29.6 v. 
29.0 v. 30.4 v. - 30.4 v. 

COMPARISON OF POWER SHARING AND INDEPENDENT OPERATION 

I 

VAM 
VATM 
AM EPS Load 
AM EPS Line Loss 

PAMT 
AM EPS Capability 
AM EPS Margin 

AMT EPS Load 
&I'M EPS Line Loss 
PAMT 
ATM EPS Capability 
ATM EPS Margin 

AM and ATM Loads 
Total Line Loss 

Total System Load 
Total Capability 
Total System Margin 

VAML 
VCM 
VATML 

3535 w 
275 w 

3810 w 
3825 w 
+15 w 

2637 w 
248 w 

2885 w 
3600 w 

- 
+715 w 

6172 w 
523 w 

6695 w 
7425 w 
+730 w 

29.47 v. 
28.30 v. 
26.50 v. 

3535 w 
307 w 

3842 w 
3825 w 
-17 w 

2637 w 
227 w 

2864 w 
3600 w 
+736 w 

6172 w 
534 w 

6706 w 
7425 w 
+719 w 

27.99 v. 
26.74 v. 
27.99 v. 

3539 w 
3825 w 
+286 w 

3170 w 
3600 w 
+430 w 

6172 w 
537 w 

6709 w 
7425 w 
+716 W 

28.12 v. 
26.87 v. 
27.86 
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